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7KH PDLQ WKHPH RI WKLV SDSHU LV IRFXVHG RQ FRQFUHWH LQGXVWULDO IORRUV GHVLJQHG SULPDULO\ IRU PLGGOH DQG VHYHUH RSHUDWLQJ
FRQGLWLRQV7KHILUVWSDUWGHVFULEHVWKHDFWXDOWUHQGVDQGFRQWHPSRUDU\WHFKQRORJ\7KHVHFRQGSDUWLVIRFXVHGRQWHFKQRORJ\RI
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RI WKH XVHG VRXUFHV +RZHYHU WKLV SXEOLFDWLRQV GRHVQW PHQWLRQ WHFKQRORJ\ RI SUHVWUHVVHG FRQFUHWH DSSOLHG RQ
LQGXVWULDOFRQFUHWHIORRUV7KLVWRSLFLVGHVFULEHGLQWKHVHFRQGSDUWRIWKLVSDSHU
'LVWLQFWLRQRIFRQFUHWHLQGXVWULDOIORRUV
























H[SDQVLRQ MRLQWV :HDN UHLQIRUFHPHQW KHOSV WR LQFUHDVH GLVWDQFH RI MRLQWV E\  %XW VPDOO DPRXQW RI











PXVW WUDQVIHU WHQVLOH IRUFHV IURP LQWHUDFWLRQ EHWZHHQ FRQFUHWH VODE DQG VXEVRLO ([WUHPHO\ VWUHVVHG IORRUV DUH
UHLQIRUFHGRQERWKVXUIDFHV$GYDQWDJHVRIUHLQIRUFHGFRQFUHWHIORRUVODEVDUHKLJKORDGFDSDFLW\DVPDOOQXPEHURI
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FRPPRQO\XVHGVWHHO ILEHU ZLUH UHLQIRUFHGFRQFUHWH IROORZHGE\SRO\SURS\OHQHDQGJODVV ILEHUV7KH ILEHUVDUH








&XUUHQW ULVNRI IORRU IDLOXUH LVVXFFHVVIXOO\ UHGXFHGE\SUHVWUHVVHGFRQFUHWH7KLV WHFKQRORJ\ LVXVXDOO\XVHG LQ
IRUHLJQ FRXQWULHV ([WHUQDO SUHVVXUH ORDGV DUH LQWURGXFHG WR WKH VWUXFWXUH DQG WKHUHIRUH WHQVLOH VWUHVVHV FDXVHG E\
ORDGV GRHVQW H[FHHG WKH WHQVLOH FDSDFLW\ RI FRQFUHWH 3UHVWUHVVHG FRQFUHWH IORRUV HQDEOH WR FUHDWH RI ODUJH XWLOLW\






RI WKH IORRU VODE ZLWK FHQWUDOO\DFWLQJ ELGLUHFWLRQDO WHQGRQ SUHVWUHVVLQJ V\VWHP ([WHUQDO SUHVVXUH ORDGV DUH











:LWK WKLV WHFKQRORJ\ LV SRVVLEOH WR GHVLJQ YHU\ ODUJH DUHD ZLWKRXW WKH H[SDQVLRQ MRLQWV ,Q FXUUHQW WLPH WKH























WKRXJK LWZDV LPSOHPHQWHG LQ VHYHUDO GHVLJQV LQ(XURSH WKHPDLQVWUHDPRI UHVHDUFK DQGGHYHORSPHQW KDVEHHQ
FRQFHQWUDWHGLQWKH86$DQG$XVWUDOLDZKHUHWKLVWHFKQRORJ\LVFRPPRQO\XVHGSURFHGXUHIRUPDQ\DSSOLFDWLRQV
WRGD\,QWKH86$DORQHPRUHWKDQPLOOLRQPRIVODEVKDYHEHHQSUHVWUHVVHGSUHVHQWO\
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,QWHQVLYH UHVHDUFK ZRUN HVSHFLDOO\ LQ 6ZLW]HUODQG LQ WKH 1HWKHUODQGV DQG LQ 'HQPDUN DQG *HUPDQ\ KDV
H[SDQGHGWKHNQRZOHGJHDYDLODEOHRQWKHEHKDYLRURIVXFKFRQVWUXFWLRQV7KHVHUHVHDUFKDUHSURYLGHGWKHEDVLVIRU




























3UHVWUHVVHG IORRUV DUH LQ FRQWDFWZLWK WKH VXEVRLO DQDORJRXV OLNH WR SUHVWUHVVHG IRXQGDWLRQ VWUXFWXUHV )ULFWLRQ
IRUFHVH[LVWEHWZHHQWKHIORRUVODEDQGWKHVXEVRLO7KHVHIRUFHVEULQJORVVHVRISUHVWUHVVDQGKDYHQHJDWLYHHIIHFWRQ




)RU H[DPSOH FRQVWUXFWLRQ FRPSDQ\ 96/ ZKR LPSOHPHQWHG FRQVWUXFWLRQ RI SUHVWUHVVHG IORRUV LQ WKH &]HFK
5HSXEOLFXVHGIRUUHDOL]DWLRQRIVOLGLQJMRLQWVVDQGOD\HUDQGOD\HUVRI3(ILOPHYHU\WKLQJVWRUHGRQDIODWDQG
VWLIIHQRXJKVXEVRLO2QWKLVFRPSRVLWLRQRIVOLGLQJMRLQWLVUHDOL]HGSUHVWUHVVHGIORRUFRQVWUXFWLRQ
$QRWKHUSRVVLEOHPHWKRGRI VOLGLQJ MRLQWV LV WRXVH UKHRORJLFDO VOLGLQJ MRLQWVEDVHGRQDVSKDOW ,WPDNHVXVHRI
YLVFRHODVWLFSURSHUWLHVRIDVSKDOWVWULSVWRVLJQLILFDQWO\UHGXFHKRUL]RQWDOIRUFHVWKDWDUHEURXJKWLQWRWKHVWUXFWXUH
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$VSKDOW VWULSHVDQG LWVEHKDYLRU LV LQIOXHQFHGE\ WKHSURGXFWLRQPHWKRG7KH UHVXOWLQJSURGXFWVFDQKDYHYHU\
GLIIHUHQW SURSHUWLHV 7KHUH DUH WZR EDVLF W\SHV  R[LGL]HG DVSKDOW VWULSHV DQGPRGLILHG DVSKDOW VWULSHV XVLQJ$33
SRO\PHUVSODVWLFW\SHRIPRGLILFDWLRQDVZHOODVXVLQJ6%6HODVWRPHUVHODVWLFW\SHRIPRGLILFDWLRQ
7KHW\SHVRIPDWHULDOVXVHGIRUWKHODERUDWRU\WHVWVDUHEDVHGRQDPDWHULDOEDVHZKLFKLVFXUUHQWO\DYDLODEOHRQ















5HVHDUFK LQ DOWHUQDWLYH SUHVWUHVVLQJ V\VWHPV DQG LQWHUDFWLRQ EHWZHHQ SUHVWUHVVHG IORRU VODE DQG VXEVRLO FDQ EULQJ
QHZRSSRUWXQLWLHVDQGRSHQGRRUVIRUXWLOL]DWLRQRIWKLVWHFKQRORJ\IRURWKHUVDSOLFDWLRQV
$FNQRZOHGJHPHQWV
7KLV SDSHU KDV EHHQ DFKLHYHG ZLWK WKH ILQDQFLDO VXSSRUW RI WKH 0LQLVWU\ RI (GXFDWLRQ VSHFLILFDOO\ E\ WKH
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